Background: This randomized, multicenter, phase III trial evaluated the efficacy and safety of the combination of epirubicin, leucovorin, 5-fluorouracil and etoposide (ELFE regimen) as adjuvant therapy for radically resected gastric cancer patients.
introduction
Surgery is the only potentially curative treatment of localized gastric cancer [1] . However, also among patients who undergo a curative resection, the outcome remains poor, with a 5-year survival rate ranging between 20% and 30% [2] [3] [4] [5] . In an attempt to improve these disappointing results, different adjuvant chemotherapy regimens have been proposed and evaluated in clinical trials. To date, no definitive conclusions have been drawn from these studies because the majority of these has failed to show a clear survival benefit over surgery alone. However, several recent meta-analyses indicate a small but statistically significant benefit in 5-year overall survival (OS) between 3% and 5% [6] [7] [8] [9] [10] [11] . The relevance of these data in the current clinical practice is restrained by a number of limitations; therefore, adjuvant chemotherapy for gastric cancer should be considered still investigational, and the potential reduction in risk of death should be confirmed in a welldesigned large prospective randomized trial by using more active regimens in metastatic or locally advanced disease [12] . In the mid-90s, Gruppo Oncologico Italia Meridionale evaluated in a phase II study the efficacy and tolerability of the association of epirubicin, leucovorin, 5- gastrointestinal toxicity was observed, the treatment was delayed by 1 week and then continued with a dose reduction of 25%; in the case of persistent grade 3 gastrointestinal toxicity after 1 week of delay or in the case of grade 4 gastrointestinal toxicity, the treatment was definitively stopped. During the follow-up, the patients underwent a physical examination, serum chemistry tests and abdominal ultrasonography every 3 months, chest X-ray, abdominal CT scan every 6 months and esophagogastroscopy every year.
statistical considerations
The primary end point of the study was the OS that was measured from the date of randomization to the date of death from any cause or the date of the last follow-up. The secondary end points were the disease-free survival (DFS) and toxicity. The DFS was measured from the date of randomization to the date of the first occurrence of a neoplastic event (relapse or second malignancy) or the date of death from any cause or the date of the last follow-up in the case of living patients without evidence of disease. The sample size was designed to provide the study with 80% power to detect a difference between 5-year OS of 20% in the surgery-alone arm and 35% in the chemotherapy arm [hazard ratio (HR) for death of 0.65], with two-sided a error of 0.05 and a b error of 0.2. Therefore, with a duration of accrual of 5 years and a duration of follow-up time of 5 years, the planned sample size was 226 patients including an estimated drop out rate of 10%. DFS and OS curves were estimated using the Kaplan-Meier method and compared using the log-rank test (unadjusted analysis) for all the eligible patients on an intention-to-treat basis. The independent significance of every prognostic variable related to OS and DFS was determined by multivariate analysis, using the Cox proportional hazards model with results reported as relative HR of death and relapse with corresponding 95% confidence interval (CI) and P value.
The following covariates were included in the multivariate analysis: tumor differentiation, location of tumor, depth of invasion, nodal status and adjuvant chemotherapy.
results
From June 1996 to June 2001, 228 patients were enrolled by six centers in Southern Italy. Three patients were considered inelegible: two had metastatic disease (control arm) and one had positive surgical margins (treatment arm). Therefore, the final analysis was carried out on an intention-to-treat basis with the remaining 225 enrolled elegible patients: 113 patients were allocated to surgery alone while 112 patients were allocated to surgery followed by adjuvant chemotherapy. Table 1 shows patients' and tumours' characteristics and surgery procedures. The two arms were well balanced without any significant difference. In particular, 60% of patients received a total gastrectomy and 80% of patients had 16 or more resected nodes; the median number of removed lymph nodes per patient was 22 in the treatment arm and 23 in the control arm. Among the 112 patients treated with chemotherapy, a total number of 630 cycles of chemotherapy was delivered with a median number of 5 (range 1-6): 82% of patients completed therapy as planned and 18% stopped chemotherapy because of toxicity: 6% after five cycles, 7% after four cycles, 2% after three cycles, 2% after two cycles and 1% after one cycle. Among 92 patients who received six cycles, 61% of patients received full dose chemotherapy, while 31% of patients required dose reduction. The most frequent life-threatening toxic effects were haematological and gastrointestinal (Table 2 ). According to WHO classification, grade 3-4 neutropenia was experienced by 26% of the patients, while diarrhea (26%), nausea and vomiting (20%) and mucositis (13%) were the most common gastrointestinal toxic effects. No treatment-related deaths were observed. The median follow-up time was 60 months with a range of 10-91. Figures 1 and 2 show the OS and DFS curves according to the treatment. The 5-year OS rate was 48% in the treatment group and 43.5% in the control arm with a relative risk reduction of 9% and an absolute benefit in survival of 4.5%. This difference was not statistically significant (HR 0.91; 95% CI 0.69-1.21; P = 0.610). The 5-year DFS rate was 44% in the treatment group and 39% in the control arm with a relative Annals of Oncology original article risk reduction of 12% and an absolute benefit in DFS of 5%. Also, this difference was not statistically significant (HR 0.88; 95% CI 0.66-1.17; P = 0.305). The most frequent cause of death during the follow-up was tumor-related death with 50 patients died in the chemotherapy arm and 58 patients died in the surgery-alone arm. In the relapsed patients, metastases were the most frequent site of first recurrence followed by locoregional recurrence. There was no difference in the pattern of recurrences between the two groups. The present trial was not designed specifically to consider subgroups; however, in an exploratory analysis, the only patient category that seemed to benefit more from adjuvant chemotherapy was that with lymph nodes involvement. In fact, the 5-year survival rate was 41% in the treatment group and 34% in the control arm with a relative risk reduction of 16% and an absolute benefit in of 7%; however, this difference was not statistically significant (HR 0.84; 95% CI 0.69-1.01; P = 0.068). Furthermore, in the same subgroup of node-positive patients, the 5-year DFS rate was 39% in the treatment group and original article Annals of Oncology 31% in the control arm with a relative risk reduction of 14% and an absolute benefit in DFS of 8% with a trend towards a statistical significant (HR 0.88; 95% CI 0.78-0.91; P = 0.051); (Figures 3 and 4) . The results of Cox model showed that the only covariates independently associated with OS and DFS were the depth of invasion and the nodal status.
discussion
This randomized trial showed that adjuvant chemotherapy with six courses of ELFE failed to improve significantly the survival of patients with gastric cancer in comparison with surgery alone. In fact, the primary end point of the study was not reached because ELFE produced an absolute difference in OS at 5 years of 4.5% and this advantage was not statistically significant. The statistical assumptions and the accrual would have changed if we have correctly predicted the survival of the surgical control arm. In fact, in designing this study, we set a 15% difference in 5-year survival between the two arms as clinically significant, which could be modestly and reasonably expected on the basis of the results from previous studies. To prove a statistical significance in the 15% difference in 5-year survival (35% for the chemotherapy and 20% for the surgery-alone arm) with two-sided type I error of 0.05 and type II error of 0.2, a 5-year accrual time and 5-year follow-up, a sample size of at least 103 patients per arm was necessary [12] . The number of patients enrolled (228 patients) was sufficient to detect the planned difference. However, the observed survival difference was smaller than that planned, partly because of much better than expected prognosis of the surgery-alone arm, with a 5-year OS rate of 43.5%. The statistical assumptions and the accrual would have changed if we have had correctly predicted the survival of the surgical control arm. In fact, this study was designed in 1996 and the statistical drawing was affected from the available survival data which showed a 5-year OS ranging between 20% and 30% [2] [3] [4] [5] , whether in more recent trials the 5-year OS of surgery arm was better ranging between 39% and 48% [14] [15] [16] . Therefore, our study may not have sufficient statistical power for detecting smaller, yet still clinically significant survival benefits from chemotherapy as indicated from recent metaanalyses. The meta-analysis of Earle and Maroun [9] reported an odds ratio (OR) for death in the treated patients of 0.80 (95% CI 0.66-0.97), corresponding to a 20% reduction in the relative risk of death with an absolute survival benefit of 4%. Mari et al. [10] reported data from 3568 patients showing an HR of death of 0.82 (95% CI 0.75-0.89) which represented a 18% reduction in the relative risk of death, with an absolute survival effect of 2%-4%. Finally, in the meta-analysis of Pansini et al. [11] was observed a statistically significant reduction in the risk of death with an OR in treated patients being 0.72 (95% CI 0.62-0.84) [11] . These meta-analyses indicate a potential survival benefit of adjuvant chemotherapy in resected gastric cancer with an overall absolute increase at 5-year survival of 4%. However, no definitive conclusion has yet been drawn from randomized clinical trials of adjuvant chemotherapy for gastric cancer published after these metaanalyses. In the Italian Trials in Medical Oncology study, there was a relative risk reduction of 7% in OS with an absolute difference of 4% [14] . The 7 years result of Federation Francophone de Cancerologie Digestive randomized phase III trial showed a relative risk reduction of 26% for OS with a an absolute difference of 9.5% [15] . Furthermore, another French study demonstrated that adjuvant chemotherapy was unable to improve the OS after surgery with a 5-year survival rate of 39% in the control and chemotherapy groups [16] . Our study showed that the observed survival difference (4.5%), although smaller than that planned, was not different from results of other published trials obtained with cisplatin-based regimens. Although this trial was not designed to consider subgroups, in an exploratory analysis, the only subgroup with a trend to benefit from chemotherapy was the node-positive population: the 5-year DFS of the patients treated with chemotherapy was comparatively better than that of the control patients (39% versus 31%). This result supports the evidence from the meta-analysis of Earle and Maroun [9] reporting an OR for death in node-positive treated patients of 0.70; however, 
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it must be interpreted with caution, because it is based on a retrospective analysis of a subgroup of patients. The difficulty in obtaining a good compliance with treatment is a major problem of adjuvant chemotherapy studies; the potential survival benefit should be balanced against the toxicity induced by the treatment. Many regimens studied in clinical adjuvant trials have recorded significant toxic effects without any survival benefit. Instead, the toxicity of our chemotherapy regimen was mild as confirmed by the observation that 61% of patients received full drug doses. Despite the large number of trials, the evidence supporting the usefulness of adjuvant chemotherapy in radically resected gastric cancer is not yet definitive and, at present, no standard adjuvant regimen has been established [17] . The advent of new regimens inducing higher response rate indicates that gastric cancer is a chemosensitive tumor [18] . However, there are a number of questions to which it will be mandatory to answer. The optimal timing of administration of chemotherapy (preoperative or postoperative) has become of increased interest. Recently the MRC Adjuvant Gastric Infusional Chemotherapy trial, with a median follow-up of 5 years showed that preoperative chemotherapy with epirubicin, cisplatin, continuous infusion fluorouracil combination regimen reported a significant improved OS and DFS compared with the control arm [19] . The quality of surgery is another critical point [20, 21] . In fact, the efficacy of adjuvant chemotherapy must be tested in relationship with adequate surgery before it may be considered as standard therapy. The role of radiotherapy also needs to be determined. The USA Intergroup phase III study showed a significant OS and local control benefit with postoperative adjuvant chemoradiation versus surgery alone in resected adenocarcinoma of stomach and gastrointestinal junction [22] . Finally, there are several newer drug associations incorporating taxanes, irinotecan and/or oxaliplatin with an interesting activity that supports their evaluation in the adjuvant setting [23] [24] [25] [26] . In conclusion, although an improvement of 4.5% in 5-year survival was shown in our study, this result failed to reach statistical significance and therefore ELFE regimen cannot be recommended as adjuvant treatment of patients with resected gastric cancer. 
